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= E BRI E =
To Introduce you

RIS A RECELERAY R 2 T EE ?

What is your background and your field of interest?
(Multiple responses are possible)

A. BEFE4E 1 #2Studying acoustics and audio engineering
{EEL23FE¢ Transducer Development

=8 %4 Audio System Integration

DSP&tES DSP Software

B EFN1E#E Measurement and Simulation
hiZ=EiHEIE Marketing, Management

#2475 Manufacturing, Support

it 5% Audio Research

HAth Others

~—IOTMTMUOw
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FzAEA Roadmap

Two day courses

X First Day

=

T8 — BEARMEB ARSI ESR Introduction — definition of basic terms & roadmap

LR - UEENHIE Lumped parameters - linear modeling & measurement
ﬁﬁﬁ‘ﬂr&m*%ﬂ A= ix E) 3 41 Distributed mechanical parameters — cone vibration analysis
25 5 5 A = 48 B 7E Fi—Fa A1 2 Sound radiation and room interaction — prediction and measurement
JEAR 424 — W2 Nonlinear modeling — overview
JERIESEBTRIE - #2% Measurement of nonlinear parameters — interpretation

—_X Second Day

E

BRIEH ML E - 22ET Regular nonlinear distortion — diagnostics

45 - T0# - %‘ﬂ: Time-varying properties - heating, aging

BE ( "EEMBBE" ) - ARRIIRE - 22 Abnormal sound (‘rub&buzz”) - irregular vibration, defects
o] EHNE EFHEEENFZE - o/iZH Audibility and impact on audio quality - auralization

ZEE e B £ ORI M 3E4R 32 Adaptive Nonlinear Control of speakers
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&R K EEER Some TIps

ml

TEEZEMFEAEE ? What is important what is not ?
FELUNAIZIR Note the following icons:

R FErEBEBENHEM (FHFREEE ) Review of familiar

material (we keep it short)

4 ERHIMEEZEZAEE New and most important information

e ERERARKER (TRENEN )

Advanced or special subject (optional material)
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Part 1://VMZ3RER
Part 1. Small Signal Modeling
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#RIEZ2BUHIZ (FLSI)

Linear Parameter Measurement (FLSI)
Experiment 1.

. BfERE ( B - EREOAEE - R )

Optimal Setup (Laser, current sensor, Template)

. BASRRIGU IR (A3 ~ B IRIR )

Critical test condition (Stimulus, positioning, environment)

. BRERG (SZEBER  BInBE/EHHAEZE
HNES )

Ensuring Accuracy (reference speaker, coincidence

between added mass/laser method)

. R ~ alSERVAIGEL (23~ SNR)
Fast, reliable testing (averaging, SNR)
. FRRE (FRARME - WRE - BBER - SD "R )

Interpretation (nonlinearities, creep, lossy inductance, SD,

leaky box)
® i |:| %ﬁn %%

Interpretation of the results

. P
= AV

Warning Messages
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R E ar 1=t (LSIM)

Linear Loudspeaker Simulation (LSIM)
Experiment 2

. EHEREEFMRIE (FREAKIERE ) ETEE
Modelling with broadband, audio-like stimulus (spectrum and
crestfactor)

. ZRTEIFNEAE ( ERH KBRS - B )
Considering transducer with load (box, passive radiator, panel)
. E&)1197% ( DSP )

Automatic equalization (DSP)

. BE1ZE/BE ( SPL(f,r) ~ &K SPL)

[%Ads.l Target Performance (SPL(f,r), max SPL)

. 75218 ( Xpeak  Upeak * Pe * max )
Critical limits (X;eaxsUpeaksPe.max)

. MERERZBEERITREE
Efficiency important for Green speaker design

Improve power
efficiency

f A LSIM — Linear )

Simulation

(1) Efficiency

Green Speaker
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Linear Lumped Parameters

MEEPSHENEHERN A RRTER

Linear model with lumped parameters is the basis for transducer and system design
E—CEREREABEZEHNSHENEREVEN

Advanced modeling of inductance and creep are required for accurate identification of the
parameters

HE - HIRERNHERASEEBUAREAURBE - BE - ZEURZELEEE

Stiffness, resonance frequency and related parameters depend on peak displacement,
temperature, humidity, aging

EEZFHER  ERAEHEKNESOUAZE

Mechanical elements (M) can be separated from acoustical elements (moving air mass
M,;;) by performing measurements in vacuum
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Part 2:

Part 2: Modal Vibration at High Frequencies
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SRRYERE

Our Topic Today

% et AR A M 1
DESIGN (geometry, material)

PERFORMANCE

W

/ \ 4 T f
W w&r g& ~—_

vavavavavavava

Total Sound Pressure Level
i /\\ q cone J\-

surround

Dust cap
. . _—-_-Mﬂw‘"
Relationship ?
Voice coil C
1807 Capture
%B lk=b%2Q gﬁ BE %IJ T E % gﬁg E"J %ﬁ ? Simulation by Ulrik Skov

What limits the usable frequency range ?

=TEBE T 7 EARENBEMHAR L LIRNIENSE1E

What causes peaks and dips in the SPL response after break-up ?

"B A Rl = AR R AR

How to measure the mechanical vibration ?

IREEE AR RE A - MRLER A2

Which mechanical modes are beneficial which are not ?

B e T i B 0 8 5 R RE 2

How to cope with vibration and radiation problems ?

BIRSEISERY O B AR - EE-'&?aﬂiiL,(EENEEE’\JQEE

How to get smooth responses, optlmaldlrectl\({h/ppe ounéo&boa o G G G



it As I 2) 70T (SCN)
Cone Vibration Analysis (SCN)

150 Hz 1 kHz

Topics:

. EBREWISE
Mechanical Scanning in Practice
e  EAIIFEHEMRGRE

Minimum scanning time

o HERSIREIAVOIARIL
Visualization of cone vibration
« ERHGE

Radiation estimation

. B)=

Sound power

Experiment 3

5 kHz
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73 otk iy 2 21

Distributed Mechanical Parameters
Summary

ERR I EAEE BB 5] I T Al R B F RO AR BN £ 4 4

Describe the geometry and vibration of the radiator at the boundary
between mechanical and acoustical domain

REST B S EIAAL

Can be integrated to an accumulated acceleration level (AAL) which is
the basis for modal analysis

#ANBEZAAE - [HEHEERAIZIR

Show the natural frequencies, damping and the shape of the modes

32 1% 3 [E) B ) [a] 15 RE AY 384 Al

Support the identification of circumferential and radial modes

Klippel, Sound Quality, Summary Part, Page 15
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Part 3:

Part 3: Sound Radiation and Room Influence
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BEIM5EH ( SCN ~ NFS)
Acoustical Near-field-Scanning (SCN, NFS)
Experiment 4

. EEFEENERE
Acoustical scanning in practice
. AR IFRHSE ()

Minimum scanning time (symmetry)

. EX- S 3l

Holographic field identification

. AL G BT E AN R L

Evaluating resolution and accuracy

. e i 5 HE k2= 15

Extrapolating from Near-field to Far-field

. MBI RN ERE
Interpretation of Directivity and Sound Power
. EHEEE

Measurement without anechoic room

. A ERERNFEEE
Half-space measurement with infinite baffle
. & X R MR ED

Coping with baffle vibrations
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R EB#E (1ISC)

In-Situ Room Compensation (ISC)
Experiment 5

Topics:

. BHiR : £ LFa DREAEAAE B PR RENE T (EFRFHE )

Target: Fast testing of units of the same or similar transducer type (without scanning) in the working bench
. RE NFS WEEBHSZSZE R

Accurate Free-field Reference Data from NFS

. EEEREMIZERG (#RI2 IEC 60268-21/23 )

Generating simulated Ex-Situ standard conditions (according to IEC 60268-21/23)

«  SPL /AREREAMN THD RYAIE

Measurement of the SPL frequency response and THD

In-Situ Compensation
v

L Ps(r7) . Per (rE) any
y filter analysis

(similar) speaker in-situ
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Ei5E M (NFS R21E)
Sound Field Characteristics (NFS Visualization)

Experiment 6

«  ERGFEY (RIKE)
Far-Field Characteristics (Balloon)
o B FEFE (Im)

On-Axis Response (1m)

. BINRERE

Sound Power Response

o Mm%

Directivity

- EERRE (CTAAIEC)
Listening Window (CTA and IEC)
- EER& (IEC)

Acoustical Zone (IEC)
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IMSSRIBINEZEN-EEZ SR M
Diagnostics in the Small Signal Domain
Important Parameters and Analyses

Tull}
(1LY
wold

1.¥#28E88 Transducer

-E 28] Lumped Parameters (Thiele-Small)

-3 £ Bl Distributed mechanical parameters
-E2RENMNRE AR, EEE 54T Accumulated accleration level, modal analysis

2 HEBZEDHVIZEEER Loudspeaker in Anechoic Room (Ex-Situ)
-8 (0] B 3 F 8 (0] B9 52 35 28 R AR [Cl FE SPL Far-field resonse on-axis and off-axis (polar data)
M4 1E8 - BTN (ol FEDirectivity index, sound power response

-E£ B2 1A 78 2 4T Sound pressure-related decomposition

-ERE 38 K BV R Rl coefficients of Spherical Harmeonics

3.EEREERBAMEEER Loudspeaker-Room Interaction (In-Situ)
-1£ BR BE 24 AU 75 28 O] FE Steady-State response at listening points (spatial average)
-FHE 1T (R IERSERE R B Frequency-Time Analysis (cummulative decay spectrum)
-DERRBEER, R EE,)RZE Decomposition into direct sound, reflections, reverberant sound
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Part 4: Loudspeaker Nonlinearities
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Topics addressed in this section

W5 as fE R = I AR A

Overview on Dominant Nonlinearities in Loudspeaker

2 B L0 Y PR

Limitation of the Acoustical Output

SRR ENEEHEEmBAMTE
Generation of Nonlinear Distortion, Impact on Sound Quality
N B er e E 1 BE 2525

Design of Small Speakers with Optimal Performance

/WK I 48 =5 00 4+
WAl GBS
Particularities of Microspeakers
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#ek Summary

FE#R 14 B ER pA 1l % = PR 15 B 28 | ARV SRR IR
Nonlinear and thermal mechanisms limit the large signal performance of
loudspeakers

EHlEERIERE TR REEBHIRER UK ABNER RF
The dominant nonlinearities of loudspeakers are located in the electro-dynamical
transducer and in the suspension system

EPh S RGEESERHN

A lumped parameter model is useful

FEAR 4TI T A R B 28 B 28IZ2CAVS BIFR R
Nonlinearities can be represented by parameters which are not constant but vary
with one or more state variables.
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Sound Quality of Audio Systems

Part 5: HE R IEAR £ S EHI=HI

Part 5: Measurement of Nonlinear Loudspeaker Parameters
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Questions addressed in this section

Il e B R RAI RS IRIE?

How to perform meaningful measurements in the large signal domain ?
Qo] R AR AR ETRYAS SR R = AR ET?

How tointerpret the results and to improve the design ?

O EVIS R AR ET e BRI R B RL?

How to get a comprehensive set of data required for system design ?

JN{o] 32 HY 2« 40 28 R RV ES BS IR 2

How to select an optimal driver for loudspeaker system design ?

e REEB R S i atuEkR ?

How to find the optimal size of voice coil in the gap ?

ZE IR R E EZHHRAZE AT ?
Which loudspeaker nonlinearities are good and which are bad ?

IS 2 & RRYEAR IR R BB H?

How to get maximal power handling and acoustical output ?

M E/ NN ERFERENERIZER ?

How to get maximal bass out of a small enclosure ?

MO FAERRNAENS ?

How to do meaningful distortion measurements ?

el SR ERINER ?

How to measure the power handling ?

Klippel, Sound Quality, Summary Part, Page 25



RIFEFEAR S EVRIE (FLSI)

Nonlinear Parameter Measurement (FLSI)
Experiment 7

Re(T,) Z\(fx,0) . M s (F V) Ko (f,%) m Sl
0 1 ”‘»—W—;\—H— -
it . Frixy
. FHZE AN B BEEIFREIES] (KCS) RYRER | i
%)] g %Z ﬁjz )Dju " Bi(x)vit B! (x) Bix)-it) Sq(x) [.Zload
ng
Fast Initial Parameter Identification for Adaptive '
Nonlinear Control (KCS) using multi-tone stimulus i g SHFoE Faclor
50 = ——

. SHITFEHBEMNEIR ( Xmax » Umax ~ Pmax ) -
B E R BENBERE

Finding limits of working range (X;,.x: Umax: Pmax) While

avoiding overload and excessing distortion

. ZRSMERE (HIMRASE )
Considering higher-order loads (e.g. vented-box)
. AZEEE R

Identification of thermal parameters

. #RIEFIRAR S BIRVARRE

Interpretation of the linear and nonlinear parameters

g 30

S 3 >

L . [T

RS -l L(x,i=0) Inductance

; e L(X,20 HZ) —o— L(X51 HZ) o L(%,08 HZ) s L(x, 188 Hz)

& e Lix383He) e LK BOOHZ) e L(%,1341 Ha) o L(x2570 Hz)
L(x.4862 Hz) Lix, 10000 Hz)
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4L Summary
JER MR E S 2
Measurement of Nonlinear Parameters

TENHEENRINEESHESR

Full dynamic measurement technique is most suitable for loudspeakers
IR 1AV Bl # oo o] LAst # R/ Vel sk #E 1T BN B Ry &8

Modern identification techniques can measure small and large signal
parameters on-line (in enclosure, music)

NEZERFARARETLUETRESIERISEEE

Very fast measurements and long-term monitoring is possible using loudspeaker
as sensor

ARIFIRIEFIRTE

Immunity against ambient noise

HR A RS ENBREELBRERERSGE
Interpretation of large signal parameters is simpler than the the interpretation of
distortion
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Sound Quality of Audio Systems

Part 6: Regular Nonlinear Distortion
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JFRMRE (ET ) (TRF - DIS)
Nonlinear Distortion (smgle tone) (TRF, DIS)

Experiment 8

RB& DRI LIERIo 8 DL MERETH B 2K

Loudspeaker Diagnostic on following symptoms with
minimum test effort:

o  ENRFRUEE (=DmTT)
Nonlinear Compression of the Fundamental (minimal
heating)

- FH=-mlEEmlEaRuR
DC displacement measured with Triangulation Laser
o ERKRE (#RUFARIKERIE )

Harmonic Distortion (Chirp stimulus)

Klippel, Sound Quality, Summary Part, Page 29
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BERKRERIZ (MTON)

Intermodulation Distortion Measurement (MTON)
Experiment 9

RE&DBCAE TIERIOIE LU MEARETTIHE =2 H .
Loudspeaker Diagnostic on following symptoms with
minimum test effort:

« EFTHEEHKE (DIS)
Intermodulation Distortion with Two-tone Stimulus

(DIS)
. AR FHNHNTEN RS ER B EENKEE
iz (MTON)

Distortion Spectrum generated by sparse multi-tone
stimulus representing typical audio signals (MTON)
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FEARMEREAR TR E (SIM)

Simulation of Nonlinear Symptoms (SIM)
Experiment 10

‘
DC component
=D
— )V — 2V — 30V — 00V
.25 \
— \
\'\
020 / \.\

g / \

Z 015 / i b

E ]

I —| . N\

- = £ ~—

g0 \\

3 \,

o, S \

— . = = — >~ .
Compression
10 af 1. U1 ) | * Ustard fU1
— 00V —E2Y  — 33V — 00 V
5 =
g -0 I
- . - [
]
g
= 20
¢
= -I5
i
g .
R
2 35
— 10 100
quency / F

FERISEAR MM B 4B A BRI Predicting Nonlinear compression and DC displacement
80758 25 B Predicting Harmonic Distortion

FERAIGREKE (BEIFME ) Predicting Intermodulation Distortion (voice sweep)
SR EMLEEE Comparing Measurement with Simulation

#R BI(x) A1 Kms(x) FIEEL Showing the contribution from BI(x) and K, (X)
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Questions addressed in this section

MIATERRAAGEIRAE?

How to perform meaningful measurements in the large signal domain ?

M) R AR BT RUAS SR M U= RR AT ?

How to interpret the results and to improve the design ?

AT EVS 2 e T e BRI B ERL?

How to get a comprehensive set of data required for system design ?

SN 2 HY 2+ 47538 ARV EE B2 IRI 0N 2

How to select an optimal driver for loudspeaker system design ?

MR ERR TR ErR ?

How to find the optimal size of voice coil in the gap ?

BERNIFGMRE [E2ENRTZZAER?

Which loudspeaker nonlinearities are good and which are bad ?

MBS R AREARINR REBH L ?

How to get maximal power handling and acoustical output ?

M E/NNE RS ERENERIR ?

How to get maximal bass out of a small enclosure ?

MR AERRNKBENE ?

How to do meaningful distortion measurements ?
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Summary

MO ZZEIBIELZ M How to cope with nonlinearities

o HISZFE KA G Measure harmonics and intermodulation
> F A EIEEUse multi-tone stimulus

{‘_tﬁi% /EU %3'5,%?'&955 Measure nonlinear distortion in the near field
> 1%@27/”] E/‘] SMEL ensure sufficient SNR
° H%%Eﬁg }ﬁ\l/ﬂz}%%% E/‘] Eﬁ_ﬁ A Transform distortion to the loudspeaker input
- %_r 37‘5‘[ Eﬁ_ﬁ }\ 95 E E/‘] *EE 7%? concept of equivalent input distortion
* 53%?3'5?‘7? 'TSEZ & E/‘] 7|‘E _EJ}E}EH Be aware of interactions between nonlinearities

9*%’%%%@1&? no compensation of Kms(x), BI(x), L(x)

AN Y

o 18R B A 73 = Check for dc-displacement
> A E M instability
° 1%)% %Z 'TE ;E\ HJ E)/Q E_% Use numerical simulation tool

>Z&THD, X,..., SPL..., IMD, P,... . THIS,Z see impact on THD, X,., SPL IMD, Py T
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Sound Quality of Audio Systems

7= X 454 = =y 9=V
rart 7: BERG B 22 {CHY S B on=iem ;v 216 AR E)
Part 7: Time-varying Properties (Power Handling, Heat Transfer, Aging, Climate Impact)

2024
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DEMO

Yol B2 %E KLIPPEL &2 4BAY45 R How to interpret the results of the KLIPPEL module
1BE B4 ( TRF EEEDIE )
Amplitude Compression (TRF Voltage Stepping)

°E:a'n:'s.'»E]!-_3‘3.11-:‘-’-:1-:E--La':-2121i5 - a X

1. % www.KLIPPEL.de TEHREH 00 4482 G508 §-|Buweu [0 4|53 o

KLlPPEL $k A dB_Lab ;c‘m.p o A ’}_ tM - t - e Cofrl:ressm'acﬂrans!ef Function
Download free KLIPPEL software dB-Lab e s, ||| e e e, — 10
from www.KLIPPEL .de ot o =l

N Limit Check | s i ” \
1. BIRIERIE example-212.kdbx % b pe— SR ;
Open database example-212.kdbx -
Progress s

1 BEENUEREMN + KH/TRF BES o 2t e fl] % - ]

# (STEP)/ X BN %4 — B B4R . = —
SeleCt fOIder Fl’equenCy Response + M:ﬁpr:;;ncf::nsfe Fu; Iown MaanciFundamenta“ -

S0 Hz - 1 Ihz | ey -1z Mz Fungamentcl

Distortion/TRF Voltage Stepping
(STEP)/Active System — Compression and

B STER - Voktage Staping TRF
object Compression ayrenes L
A Summay e
[ THD Tote! Hammosic Disterton I 3 %
1. INEIBESTEP - BESETRF ; .
1 L]

Click on operation STEP - Voltage Stepping
TRF

1101 0 B EE O
JEFges

n B Tur Suche Text hier eingeben
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A 45 Summary

& EBE4E Amplitude Compression

BRI R AEH T EZSM Is an important characteristic for rating the
maximum acoustical output

BRI 45 ERIRZ Depends on the particular stimulus

SIRPERABANIE ( #HO4BE, ) Is a natural effect of transducers (close to
overload)

BREnAPREIE - RERAMEM DSP MENBIRAFPER (& THD R
SRERB4E ! | ) Is intentionally generated in active systems with limiters,
protection systems and other DSP software (Trading amplitude compression
for THD !I)

oS HE - BEEHEBRIEMA Can be measured in the near
field of the transducer without using a room correction curve
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Part 8: Rub & BuzzPA K E{th A 7R A5 2 23 TR &

Part 8: Rub & Buzz and Other Irregular Loudspeaker Defects

2024
Klippel GmbH
LAL D KLIPPEL soma ::iasia
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Our Questions:

RITEARERRAERNIEHEGSUKEMIZE STRE A BUE?

Why does total harmonic distortion measurement (THD) is not sensitive for rub and buzz and other loudspeaker defects

g £ 2B E&RA?

Which kind of measurements are meaningful ?

I HE R REERAESE?

How to get maximal sensitivity for loudspeaker defects ?
SNeT B Bl = Bl A, EE R, FR AU KU AN 2L B SR e 2
How to distinguish voice coil rubbing, from buzzing, loose particles and other defects ?

o R o] Se H ol B4R RVRIE?

How to do reliable and reproducible measurements ?

§0 o] 48 7 R =1L ASs &1 2

How to shorten the measurement time ?

SN FE XY IR SR AR AT 2

How to cope with amblent noise ?

HMFEEAEMREMEMBEERIE?

Do we need a measurement box and other acoustical shielding ?
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k&L E (Rub&Buzz) (QC * TRF STEP)

Impulsive Distortion (Rub&Buzz) (QC, TRF STEP)
Experiment 11

Sweep Device Adjustable High-Pass
Generator Under Test Tracking Filter
b4

. o] et s R ER A AN A TR R E B 28 1T 4 @ l

Instantaneous Frequency f

Reliable detection of defects and irregular loudspeaker FAIL
behavior

. BESAER (RAEBERE )  HEF
Searching for max voltage (max SPL) without rub & buzz
. Rz AR BB EMRENRIED

Time-frequency analysis for diagnostics of irregular noise
and distortion

. EERNEEBREPETRENBROSERIE 0 -

Fast, but sensitive speaker testing in noisy production
environment

30L - Spectrogram
S0ung Pressure
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&% A SPL 51t (IEC 60268-21) (MTON)
Maximum SPL Assessment (IEC 60268-21) (MTON)

Experiment 12

Max SPL
(Broadband stimulus)

RS ESSETIRERENEE
;i Amplitude compression and
distortion testing with stepped multi-

oE — Ad  Impulsive Distortion
e AN AER MIKERERIFE (Chirp stimulus)

Impulsive Distortion testing at < I
maximal input voltage

EF 100 /NEFMA MRV IEEE R
utestDefining candidate voltage u,. -fﬁ]-
for 100 h endurance test }b l

AT G R HAIEE Perform, and - -
ulti-Tone Distortion
evaluate long-term test (Broadband stimulus)
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Summary

==r

E%E?FT%%EQ'EE Irregular Loudspeaker Distortions

HimE ARG EE

are generated by loudspeaker defects

RN EENEERmP A FEIFERRE

not found in approved prototypes, golden reference unit

ELIFRRIZ 2 1R

are difficult to predict or model

HEEERE - BE LIF - MRZ(EMIREZ(EER

are caused by manufacturing, overload, ageing and ambient conditions

MERFEIZ{C BB TRIRIE ( NERBUNF ) B

are time variant and depend on the operation condition (e.g. loose particle)

B AR - KINMESEREEERBE

Not directly related to cost, size, weight

MRBTIES  BEPFRBREER
inacceptable by customer if become audible
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Conclusions

RIGAEBER  ERAERASTEERE

Defects may become worse after shipping and in final application

AiRfENEERAEZE TR

Defective loudspeakers should not be shipped to the customer

%‘%;‘é%ﬂ,ﬂﬂ%%% ' EtMﬁﬂq%E/‘]H%EBDE@Q Sensitive Measurement

techniques are required more sensitive than the ear of the customer

O RIS E=E EIRIEMANNTE

Reliable measurements require automatic detection of invalid tests corrupted by ambient noise

mE ezl RAR [ RFERRTHRE

Loudspeaker diagnostic shows the root cause of the defect

FTEPHFEEGR L2 - PFLARMURESES

Process control and fast action is required to ensure high yield rate in production
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Part 9: Audibility of Signal Distortion
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A 4L Summary

RANERES AMERBURR DUT - RECRAERG (RIA - EE - JE - JlE
Mg ) The perceived audio quality depends not only on the DUT but also on the
test condition (stimulus, room, ambience, test strategy)

KE D=0 UFRZEM A E/5EERY) 2 BEDistortion components can be
separated as a residuum of modeling and measurement

o] (e o DI s BB B IR BRI 5 8t Auralization techniques can
generates a sound output with a modified distortion ratio

SR BEN D E L4 S A YIRS 4 Auralization of signal distortion combines
perceptual and physical assessment

o] BB 1EEE /1 RIE L 12 BB A8 R B B N 1R i B2 2515 2 Auralization simplifies

listening tests and provide more information in a shorter time

o] 2 {5 1N%% & an Ff 52 Auralization speeds up product development
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Adaptive Nonlinear Control
Part 10: Adaptive Nonlinear Control

2024
Klippel GmbH
LALD KLIPPEL soma &t

Klippel, Sound Quality, Summary Part, Page 45 <+ >



FFAR & B E B
Part 10: Nonlinear Adaptive Control

Loudspeakers and Headphones
ZEDSP ISR EIE RIS NS m R BB 18 5s _LRVPREI KA 2

DSP Software complements the loudspeaker hardware with new functionality

BEEIFRMIES] (KCS) BEER/N\NHEBRTUBHNEEEEEZHEH L

Adaptive nonlinear control (KCS) generates more output at the better sound quality from smaller speakers

HEBBRN EREESRIFRUEAREHIRKESVUENERERE
Green Speaker Design uses loudspeaker nonlinearities and modal resonances for improving efficiency and voltage
sensitivity

FEAR MR EDHRIB AR MRS E R

Nonlinear distortion cancellation provides a linear overall response

BEHERBIL fHERAE%

Automatic equalization simplifies the loudspeaker development

ARZEEEHNEHREAMURE Xmax Mo EHESREFETER
Active voice coil stabilization is important for providing maximum displacement X, and reliable protection against
overload

BEREBAMANERZEIRS M ZEREEmEmBHAN O E Y
On-line diagnostics based on current sensing increases the reliability of the loudspeaker over the product life

BIRRRESR IR ( DSP+ IWAES + Mecss ) B ESNEREHE - [V EEBBENAR (EH
B E8 LR 23U D SRR ES )

Active transducer modules (DSP+ Amp + transducer) give more voltage sensitivity while reducing cable problems and
cost (class D amplifiers using simplified output filter)
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Adaptive Nonlinear Control

amplifier
. . ¢
w(t) » Equalization 9] Protection l_Sl:aek:[ilzZ::i:: > u(t) transducer
e.g., KLIPPEL | . - )
Controlled Sound (KCS) _2ud° I
stimulus P

Identification sensor

] T i ¢ Enclosure
DS P Parameter current

v
Transducer

Diagn ostics

ERELFRENHEERETHRREER

Accurate modeling of the loudspeaker over the full working range
MBEREN BB REERREERSH

Adaptive identification of the transducer parameters P by current monitoring
R RN BRERUR « SERAMEMIERMEERKAE

Mirror Filter cancels DC displacement, harmonics and other nonlinear speaker distortion
TERESBFLUE

Active stabilization of the voice coil rest position

O SERV BB SR M B S IR &

Reliable protection against thermal and mechanical overload

BEN9ER BEHE (s WERRER - QTS )

Automatic equalization to a target alignment (virtual shift of f,, Qg, ...)
2B TE 4R 2R On-line diagnostic of the system
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Online Monitoring and Control (KCS)
Experiment 12

{R3E Protection

o R

Thermal and mechanical

o HERE(EMRENEE
Handling of loudspeaker aging + defects

RHEAESHI Long-term monitoring

- BEIREMEZ
Voice coil temperature and heat transfer
. HAREE - Z(CMERWREEYE (S8

fU& - B3R)
Time-variant properties (voice coil
position, suspension) =» climate, aging

22 M4t Linearization

B3# fE9 % Adaptive equalization

[

ol
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Online Monitoring and Control (KCS)

Experiment 13

{R3& Protection
o BB E
Thermal and mechanical
o BEmTCMREREE [ wempam tgmem [ W
Handling of loudspeaker aging and defects l' ‘ M . 1 .
RHARDH Long-term monitoring \'\ “ | ”‘ ? ERLURLSSE | NI

1; '[‘:-"",’I .

- FBEREBEZE Voice coil temperature m il
and heat transfer ]

ﬁl% ,u% ) Tlme varlant propertles — e W] =l B
(voice coil position, suspension) due to | 4‘ sl |

: - e u H; J = e R
climate, aging \,}I,u‘“f uf” w.n AN |
#R 14 1E Linearization m Ly -

B 191 Adaptive equalization
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Distortion Measurement with Music (NRL, TFA)
Experiment 14

 Nonlinear residuum of adaptive linear modeling
 Time-variant linear transfer function (heating, aging)
 Time-Frequency Analysis of the residuum

o Auralization of the residuum to asses audibiltiy and
impact on audio quality

Linear model
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